ABSTRACT. The cytokine interleukin-19 (IL-19) is a member of the IL-10 family that includes IL-20, . Previous studies indicated that IL-19 is produced by keratinocytes, epithelial cells, macrophages, and B-cells. Especially, the number of IL-4-producing T cells increased, whereas the number of IFN-γ-producing T cells decreased when naive T cells from healthy people were cultured in the presence of IL-19. There is an increasing body of data demonstrating that IL-19 is associated with the development of type 1 helper T cell-responses, although IL-19 was originally associated with the development of type 2 helper T cell-responses. In this review, we will attempt to discuss current knowledge about the role of IL-19 on several T cell response-mediated inflammatory diseases including inflammatory bowel disease and hypersensitivity.
The maintenance of immunological homeostasis in healthy life has been appreciated for a long time. Excessive uncontrolled inflammatory responses can result in dysregulation of immunological homeostasis, followed by a variety of inflammatory diseases. While inflammatory response is recently recognized as one of the major mechanisms for many inflammatory diseases, including inflammatory bowel diseases (IBDs) and hypersensitivities [9, 21, 30] , it still remains unknown how inflammatory response through several organs affects the homeostasis of the living organism. The pathogenesis of inflammatory diseases is characterized by an imbalanced activation of inflammatory and anti-inflammatory response (Fig. 1 ). Current therapy of inflammatory diseases has developed as a result of inhibition of an inflammatory response. In contrast, IL-10 is a well-known anti-inflammatory and immunosuppressive cytokine and has shown promise in clinical trials for the treatment of an inflammatory disease. The potentiation of an anti-inflammatory response is strong approach for the future therapy of inflammatory diseases. Inflammatory mediators including TNF-α, IL-1β, and IL-6 are released during acute inflammation. Then, anti-inflammatory mediator such as IL-10 is released behind inflammatory mediators. Interestingly, IL-19 is released behind IL-10 ( Fig. 2) . The cytokine IL-19 was originally found by sequence homology to IL-10 [14] and is a member of the IL-10 family, which also includes IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B, and IL-29 [4, 34] . In this review, we aimed to elucidate novel role of IL-19 on the inflammatory diseases. We especially focus on IBDs and hypersensitivities as inflammatory diseases of the intestine and the skin.
IL-19 AND IBD
IBDs are characterized by dysregulated chronic inflammation and mucosal tissue damage in parts of the gastrointestinal tract [38] . Clinically, Ulcerative colitis (UC) and Crohn's disease (CD) are two of the most common types of IBDs. IL-10 is a wellknown anti-inflammatory and immunosuppressive cytokine. Consistently, IL-10 knockout (KO) mice spontaneously developed colitis, indicating that IL-10 is critical for intestinal homeostasis [24, 25] . Like IL-10 KO mice, IL-2 KO mice also spontaneously developed colitis [35] . These findings discovered new insight into the pathogenesis of IBD. Genetic factors lead to mucosal inflammation that resembles IBD. In addition to these KO mice, animal models of UC and CD are indispensable for both the identification of immune responses involved in the pathogenesis of IBD. The most widely used IBD animal models are colitis chemically induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS) [32] , oxazolone [6] , and dextran sodium sulfate (DSS) [1] . DSSinduced colitis is a well-characterized model of colonic inflammation. The innate immune system mainly plays a major role in the DSS-induced colitis model, because T-and B-cell-deficient mice also developed severe colonic inflammation in this model [8] .
doi: 10.1292/jvms. CD is associated with a type 1 helper T cell (Th1) response mainly driven by IL-12 and IFN-γ [29] . TNBS-induced colitis model, which shows a clear Th1 phenotype, resembles the symptom seen in CD [22] . In contrast, UC is driven by type 2 helper T cell (Th2) cytokines, such as IL-4, IL-5, and IL-13 [37] . Oxazolone-induced colitis model, which shows a clear Th2 phenotype, resembles the symptom seen in UC [6, 20] .
To more specifically assess the immunological role of IL-19, we generated IL-19 KO mice [2] . During these 10 years, we reported novel roles for IL-19 as a regulator of colonic inflammations using IL-19 KO mice. First, IL-19 KO mice showed severe phenotype upon DSS-induced colitis ( Fig. 3 upper panel) . This severe phenotype is correlated with the accumulation of macrophages and the increased production of IL-1β, IL-6, IL-12, TNF-α, IFN-γ, and CXCL1 [2] . Second, IL-19 KO mice showed severe phenotype upon TNBS-induced colitis ( Fig. 3 middle panel) . This severe phenotype is correlated with the increased production of IFN-γ, IL-12, IL-17, IL-22, and IL-33, and the decreased production of IL-4 [27] . Third, IL-19 KO mice showed severe phenotype upon oxazolone-induced colitis ( Fig. 3 lower panel) . This severe phenotype is correlated with the increased production of IL-4 and IL-9 [11] . In addition, we reported that IL-19 control the autophagy and apoptosis in cerulein-induced pancreatitis [13] . At the beg-nning of the start, we expected that IL-19 KO mice will be less susceptible to oxazolone-induced colitis because Th1 response and Th2 response should be balanced for inflammation control. However, our results are different from what we expected. We found that IL-19 can have anti-inflammatory roles in the gut, regardless of the type of colonic inflammation. In line with these previous findings, our results suggest that IL-19 plays a regulatory role in the gut by inhibiting macrophages to produce inflammatory cytokines, Th1 to produce IFN-γ, and Th2 to produce IL-4 ( Fig. 3 each right panel).
Next, we introduce clinical studies related to IL-19 of IBD patients. The first study to introduce reported that IL-19 gene polymorphisms AA (rs2243188) and AA (rs2243193) were significantly decreased in UC patients as compared with healthy controls (CC+AC; rs2243188 and GG+AG; rs2243193) [39] . The results suggest that IL-19 polymorphisms (rs2243188 and rs2243193) might have a protective role in the development of UC. A second study to introduce investigated the expression of IL-19 on cells from active CD patients. This study reported that unstimulated and Toll-like receptor (TLR) -activated monocytes produced significantly lower IL-19 in active CD patients than in healthy controls (HC) [7] . In addition, exogenous IL-19 had an anti-inflammatory effect on peripheral blood mononuclear cells from HC but not CD patients. [36] . Serum level of IL-19 was elevated in IBD patients with active disease compared with patients with quiescent disease. As a consequence, IL-19 expression was not increased in CD patients in this study, which is in contrast to a third study [10] . Further studies should be needed for resolving the discrepancy between these studies.
IL-19 AND TYPE IV HYPERSENSITIVITY
Hypersensitivity including allergy basically does not occur at the only one time exposure of hapten or allergen. When exposure to the same hapten or allergen again, the immune system results in specific reactions. This phase is known as sensitization. Sensitization may take several days or more. Hypersensitivity is the increased reactivity or increased sensitivity by the body to a hapten or allergen. There are four different types of hypersensitivity. Types I, II and III hypersensitivities all can involve antibodies. Type IV hypersensitivity is a delayed and cell-mediated reactions and is mediated by special immune cells such as a macrophage and T cell. This reaction usually takes from several hr to several days to develop an allergic response. Example disease includes allergic contact dermatitis (ACD) which is an inflammatory disease of the skin [26] . ACD is induced by frequent exposure to foreign substances such as metals, cosmetics, drugs, and plant materials [17] . In the pathogenesis of ACD, many types of immune cells, including keratinocytes, macrophages, T cells, and B cells, play important roles in the initiation and termination mechanisms of ACD [5] . Contact hypersensitivity (CHS) and delayed-type hypersensitivity (DTH) as mouse models of ACD have been used for two decades. There is only one report that IL-19 is clinically related to human dermatitis. IL-19 levels were significantly higher in the serum from patients with atopic dermatitis than in normal healthy controls [33] . Similar to human dermatitis, we have reported that IL-19 expression was increased in the ear from 1-fluoro-2,4-dinitrofluorobenzene (DNFB) -induced CHS response [12] . To elucidate the role of IL-19 in hapten-specific skin disease, we investigated CHS responses in IL-19 KO mice. IL-19 KO mice showed severe phenotype upon DNFB-induced CHS (Fig. 4 upper panels) . This severe phenotype is correlated with the increased production of IL-17 and IL-6, but no change in the production of IFN-γ and IL-4. These results suggest that IL-19 can regulate the activation of IL-17-producing cells such as Th17 cells via the promotion of dermal dendritic cells and/or Langerhans cells. In contrast, ear swelling was almost the same between the IL-19 KO mice and WT mice in FITC-induced CHS (Fig. 4 lower panel) . The response to a DNFB challenge is mediated by Th1 IFN-γ-inducing haptens, [18] whereas the response to a FITC challenge is mediated by a Th2 response [28] . Our results suggest that IL-19 can influence Th1-mediated CHS response through the regulation of IL-17-producing cells such as Th17 cells. In the model of CHS, many types of immune cells, including keratinocytes, dendritic cells, Langerhans cells, macrophages, T cells, and B cells, play important roles in the initiation and termination mechanisms of CHS [15] . Hapten-carrier complex is taken up by dermal dendritic cells and Langerhans cells that are the major antigen-presenting cells in CHS response. Both cells move from the skin to draining lymph nodes after activation with hapten-carrier complex and can present to naïve T cells by the hapten-carrier-MHC complex in human [16] and mouse [31] . Thereafter, effector T cells produce cytokines, such as INF-γ, IL-4, and IL-17 depend on the types of hapten. To more specifically assess the selectivity of the types of hapten, we used another hapten oxazolone. Mice were sensitized by applying 150 µl of 3% oxazolone in ethanol to the shaved abdominal skin. Seven days after sensitization, the mice were challenged by painting 20 µl of 1% oxazolone in vehicle solution (acetone: olive oil 3:1, v/v) on their ears (Fig. 5A left panel) . IL-19KO mice showed increased ear swelling compared with WT mice at 24 hr after the oxazolone challenge (Fig. 5A right panel) . IL-19 KO mice exhibited infiltration of a large number of inflammatory cells into the oxazolone-challenged ear epidermis. Ear tissue from IL-19KO mice revealed increased inflammation score 24 hr after the oxazolone challenge (Fig. 5B) . Furthermore, ear tissue from IL-19KO mice revealed increased MPO activity (Fig. 5C ), consistent with an increase in inflammation score. We also performed the repeated challenge of oxazolone on the ear (Fig. 5D left panel) . IL-19KO mice also showed severe ear swelling compared with WT mice at 24 hr after the repeated challenge of oxazolone ( Fig. 5D right panel) . The response to an oxazolone challenge is mediated by Th1 IFN-γ-inducing haptens as well as DNFB. These results and our previous data suggest that IL-19 is a new mediator with anti-inflammatory effects on skin inflammation. Immune responses which result in the hypersensitivity are specific for the types of antigens from different sources. We listed the difference between CHS and DTH ( Table 1 ). The antigens, the place of the inflammation, and the type of immune responses are different. As far as we know, there is no report that IL-19 is related to a DTH response. To more specifically assess the selectivity of the type of type IV hypersensitivity, we tried to examine the role of IL-19 in methylated BSA (mBSA) -induced DTH response. Mice were immunized with 50 µl ×2 spots of 2.5 mg/ml mBSA in 50% CFA to abdominal skin by s.c. injection. Seven days later, the mice were challenged with 20 µl of 10 mg/ml mBSA in PBS on their hind footpad (Fig. 6A) . IL-19KO mice showed increased footpad swelling compared with WT mice at 24 and 48 hr after the mBSA challenge (Fig. 6B) . In IL-19 KO mice, cell infiltration at the inflammatory site was severer than WT mice (data not shown). The proliferation of T cells in the lymph node and spleen from IL-19 KO mice against mBSA was significantly enhanced compared with that of WT mice (Fig. 6C) . Consistent with the increased proliferation of a T cell in IL-19 KO mice, IFN-γ production in the culture supernatant of T cell in the lymph node and spleen from IL-19 KO mice was significantly higher than that of WT mice (Fig. 6D left panels) . In contrast, IL-4 production was below the level of detection in both WT and IL-19 KO culture supernatants (Fig. 6D right panels) . These results suggest that IL-19 also plays an important role in the induction of the Th1-mediated DTH response. 
